Almost 50% of children who visit the pediatric emergency department are exposed to tobacco smoke. However, pediatric emergency nurses do not routinely address this issue. The incorporation of a clinical decision support system into the electronic health record may improve the rates of tobacco exposure screening and interventions. We used a mixed-methods design to develop, refine, and implement an evidence-based clinical decision support system to help nurses screen, educate, and assist caregivers to quit smoking. We included an advisory panel of emergency department experts and leaders and focus and user groups of nurses. The prompts include the following: (1) "Ask" about child smoke exposure and caregiver smoking; (2) "Advise" caregivers to reduce their child's smoke exposure by quitting smoking; (3) "Assess" interest; and (4) "Assist" caregivers to quit. The clinical decision support system was created to reflect nurses' suggestions and was implemented in five busy urgent care settings with 38 nurses. The nurses reported that the system was easy to use and helped them to address caregiver smoking. The use of this innovative tool may create a sustainable and disseminable model for prompting nurses to provide evidence-based tobacco cessation treatment. FIGURE 3.
T here are more than 25 million pediatric emergency department (PED) visits in the United States annually. 1 Among children who visit the PED, up to 48% of the caregivers smoke and children of these caregivers have high levels of tobacco smoke exposure (TSE). 2, 3 These caregivers are motivated to quit and are eager to receive cessation counseling in the PED. 1, [4] [5] [6] [7] A recent Cochrane review showed the benefits and effectiveness of cessation advice given by registered nurses (RNs). 8 Pediatric emergency department RNs have the unique opportunity to educate caregivers about the health effects of TSE on their children and to provide caregivers with advice on quitting smoking as a way to reduce TSE. 9, 10 Previous work has demonstrated that RNs are willing to receive training so that they can provide tobacco treatment and TSE advice to caregivers and that RNassisted tobacco counseling is accepted by staff and caregivers. 11, 12 However, PED RNs do not deliver TSE counseling in a systematic way due to barriers such as lack of training, time, and structured systems in intervening with adults. 5, 6, 11, [13] [14] [15] [16] The use of electronic health records (EHRs) may provide a way to screen and provide tobacco treatment to caregivers who smoke. Electronic health records are installed in approximately 70% of US hospitals. 17 Included with these installations are computerized clinical decision support systems (CDSSs), which are "…designed to aid directly in clinical decision making, in which characteristics of individual patients are used to generate patient-specific assessments or recommendations that are then presented to clinicians for consideration." 18 Clinical decision support systems include alerts, reminders, order sets, drug-dose calculations, or care summary dashboards that display performance feedback on quality indicators. [18] [19] [20] [21] Clinical decision support systems can be used to improve preventive care, and increase guideline adherence, improve the care of patients, and reduce costs. 19, 20, [22] [23] [24] [25] [26] Guidelines exist for successful implementation of CDSSs. 18, 19 For a CDSS to be successful, it must be integrated in the dynamic environment of the healthcare setting. 21 This technology must dynamically interact with practitioners, patients and caregivers, and existing healthcare systems. 21, 27, 28 Providing the support in the right place, to the right person, at the right time remains a challenge. 29 Design challenges associated with the right place include integration with the users' workflow. This can be done by involving users and allowing iterative development. To overcome challenges related to the right person, it is helpful to have end users involved in the design of the system, thus producing more successful implementations. 30 Finally, to ensure that obstacles associated with the right time are overcome, it is important to ensure that the final design has been usability tested, to increase adoption of the final product. 31 The CDSS should then be introduced into clinical practice only after iterative formative evaluation, usability testing, and pilot field testing, designed to facilitate modifications based on user needs and the clinical environment (see Figure 1 ). 28 The Public Health Service Clinical Practice Guidelines for Treating Tobacco Use and Dependence (CPGs) 32, 33 recommends that pediatric practitioners treat adult caregivers who smoke in all clinical encounters by using the EHR and "prompts" within a CDSS to (1) "Ask" about and document tobacco use and TSE; (2) "Advise" all smokers to quit and educate smokers that the only effective protection from TSE is to make their homes and cars smoke-free; (3) "Assess" readiness to quit; and "Assist" in the attempt to quit. This approach targets the benefits of quitting on reducing the child's TSE and offers the potential to decrease tobacco-related morbidity in the caregiver and child. The expanded use of the EHR to prompt RNs to treat tobacco dependence has been used successfully in adult settings and provides a means to standardize screening and counseling of tobacco users in the PED. [33] [34] [35] However, CDSS tools designed to facilitate TSE reduction have not been developed for use in the PED.
This article describes the development of a CDSS based on the empirically validated CPGs, which were adapted for use by in the pediatric setting. The CDSS was specifically aimed at pediatric nurses specializing in the care of children in the urgent care (UC) section, which is an extension of the PED, at a large, tertiary care children's hospital.
METHODS Overview
The goal of this study was to develop and empirically evaluate a CDSS designed to encourage UC nurses to screen caregivers for tobacco use and provide brief tobacco cessation counseling. A mixed-methods evaluation design was used to develop the program components and test its feasibility and user acceptance. The study was conducted sequentially in two phases. Phase 1 consisted of the development of an alpha version of the CDSS with input from an expert panel. The alpha version was revised based on feedback from RNs in focus groups and focused interviews; this refined version was iteratively evaluated in small user groups of RNs in a test environment. A limited version of the alpha CDSS was tested in the live environment prior to launching the beta (prototype) full CDSS version. Additionally, we created feedback reports (FRs) to encourage the use of the CDSS prompts. The FRs were designed to inform RNs how frequently they performed the different tasks within the CDSS compared with their peers. We collected input on these FRs during the focus groups and user groups and modified the FRs accordingly. During phase 2, a pilot trial of the CDSS program was conducted. This article describes the results from phase 1. The protocols for the advisory panel, focused interviews/groups, and usability testing were reviewed and approved by the institutional review board.
Setting
This study occurred at Cincinnati Children's Hospital Medical Center (CCHMC), which is a 587-bed, freestanding, academic, pediatric medical center with more than 1.2 million patient encounters annually. This study was conducted in the UC setting, which is part of the emergency department. There are five separate UC sites with a total of over 50 000 visits annually. The CCHMC uses an enterprise EHR system from Epic (Verona, WI) . The EHR has been in use since 2009. The longitudinal EHR includes patient history, medications, order entry, exam reports, scanned documents, and all institutional-related visit information. The EHR is fully integrated and all notes and orders are electronic.
Phase 1: Definition Phase

Advisory Panel
The first phase consisted of definition, development, and revision of the alpha version of the CDSS. The initial version was developed based on the CPGs and the American Academy of Pediatrics (AAP) recommendations for treatment of tobacco use and adapted by the research team, which consisted of a PED physician (E.M.M.-G.), health psychologist ( J.S.G.), and biomedical informaticist ( J.W.D.). 32, 33, 36 The initial prototype was revised based on the recommendations of an advisory panel (N = 10) that consisted of PED nurse managers, clinical PED nurses, PED physicians, EHR analysts, and workflow experts. The individuals reviewed the CDSS' validity as an implementation of the CPG and AAP tobacco treatment guidelines and provided guidance on content, the logistics of incorporation of the CDSS within the EHR, the potential impact on flow, and input on specific questions that the RNs should be asked during the development and iterative phases of the project.
Clinical Decision Support Systems, Design
We used the feedback from the advisory panel to create mock-ups of each of the CDSS steps: (1) tobacco use screening, or the "Ask" prompt ( Figure 2 ), (2) a Best Practice Advisory (BPA) to recommend smoking cessation education once a caregiver who smokes was identified ( Figure 3 ), and (3) a link outside of the child's EHR to direct the RN to the counseling prompts. This link led to a Research Electronic Data Cap (REDCap) database, [37] [38] [39] and (4) prompts with brief instructions to "Advise" to quit, "Assess" readiness to quit, and "Assist" in quit attempts within REDCap ( Figure 4 ).
Phase 1: User-Centric Design: Iterative Usability and Validity Testing
Focus Groups and Focused Interviews We recruited 10 clinical UC RNs to participate in small focus groups and focused interviews. Study procedures were explained and verbal consent was obtained from all participants. Participants were told about the proposed CDSS and encouraged to describe their current tobacco screening and counseling activities, how the proposed CDSS would fit into their workflow, and their attitudes and perceived barriers to providing tobacco cessation interventions to their patients' caregivers. They were then shown printed mock-ups of the CDSS and were asked to provide feedback on the best-fit workflow location for the prompts and asked their views on the content, format, and language in each of the prompts. These mock-ups underwent iterative revisions during these focused interviews, were revised and printed, and then presented to additional nurses until saturation of ideas and comments was achieved.
User Groups, User Interviews, and Usability Testing After the alpha CDSS was created and refined, it was entered into a test environment by the Epic build team. Our study team made modifications to the CDSS within the test environment to ensure that we addressed all of the RN input from the focused interviews. We then recruited 10 additional RNs to participate in several small user groups and individual user interviews to assess CDSS usability. Study procedures were explained and verbal consent was obtained from all participants. Study staff had participants log into the CDSS and perform smoking cessation screening in the testing environment. Usability testing consisted of each RN using the CDSS during hypothetical patient UC visits presented in the testing environment while study staff recorded the interactions. The usability testing combined three sources of data: (1) notes taken during observation, (2) a think-aloud protocol in which RNs were asked to describe what they were doing, why, and what their thoughts were; and (3) a modified survey of the system usability scale in which RNs were given specific questions to assess prompt usability and acceptability. 40 The system usability scale questions were modified to be specific to the implementation of our CDSS (eg, ease of use of link from Epic to REDCap, ease of use of link to online cessation resources; see Table 1 ). We gave RNs specific questions to assess independent thematic aspects related to the CDSS and prompts, including (1) functionality, (2) content, (3) number of "clicks", (4) length, (5) appearance, format, and type, (6) ease of use, (7) time to use, (8) linkage from the EHR to REDCap, (9) linkage to cessation materials, (10) linkage to smokefree.gov, SmokefreeTXT, (11) integration with regular PED workflow, (12) technical support and training required, (13) perception of maintenance of use and sustainability, and (14) acceptability of FRs. Validity was addressed by one investigator ( J.S.G.), not present at these sessions, who reviewed and compared the results across participants. Following these analyses, we developed a list of design changes that were then incorporated into the revised CDSS and used in subsequent rounds of usability testing.
Following these user sessions, we performed a 2-month pilot study of the screening portion of the CDSS to assess feasibility of use and workflow integration.
Measures
The 20 RNs who participated in the focus and user groups completed a questionnaire with items that assessed sociodemographics, prior tobacco use history, current tobacco control practices, and attitudes and perceived barriers towards providing tobacco cessation education and interventions in the UC setting. Questionnaire items were adapted from similar surveys used in previous studies. 11, 41, 42 The questionnaire consisted of 16 items assessing current tobacco cessation behaviors (based on the "5 As" model), six items regarding attitudes toward providing tobacco cessation services to caregivers, and 11 items measuring barriers to providing tobacco interventions.
RESULTS
Focus and User Group Participant Characteristics
Demographics and Prior Tobacco use History A total of 20 RNs participated in the focus interviews/ groups and user testing. All respondents were women; the mean (SD) age was 37.20 (9.16) years; 20 (100%) were white. Most subjects (70%) had been in practice for more than 5 years. Fifteen (75%) reported that they had never smoked, two (10%) said they had experimented with smoking, two (10%) were former smokers, and no one reported being regular or occasional smokers (one [5%] did not respond to this question); none of the RNs had ever used smokeless tobacco.
Tobacco Control Practices
Eleven (55%) respondents indicated that they assessed caregivers' smoking status, 12 (60%) documented caregivers' tobacco use on the pediatric chart, and 11 (55%) reported that they encouraged caregivers who smoke to quit. Even fewer respondents indicated that they provided specific counseling or assistance to patient caregivers interested in quitting. For example, 18 (90%) respondents reported that they had never helped caregivers to set a quit date, and 18 (90%) reported that they had never given self-help materials to assist in tobacco cessation. Furthermore, only one respondent had ever recommended pharmacotherapy.
Attitudes Toward and Barriers To Tobacco Cessation Education and Interventions
Six (30%) respondents indicated that they were somewhat to very interested in learning more effective techniques to help caregivers quit smoking; seven (35%) reported that RNs should advise caregivers to quit; and seven (35%) reported that RNs can be effective in helping patients' caregivers to quit smoking. Respondents reported that lack of caregiver materials, lack of referral resources, and caregiver resistance were the three most significant obstacles to providing tobacco cessation interventions to their patients' caregivers.
CDSS Content and Workflow
Location of Screening Prompts
Results from the focused interview/group testing indicated that the screening prompt should be placed in the nursing documentation section in between recent travel history and the airway/breathing/circulation assessment. However, once the prompt was placed in the test environment, the user group nurses determined that the prompt should be placed after chief complaint and before emergency department notes. They felt that this location worked well with their workflow because they ask chief complaint as part of their initial assessment.
Content of Screening Prompts
The screening prompt was changed from the existing prompt, which was "Tobacco/Smoke Exposure," located in the social history portion of the EHR. The final screening prompt was changed to "Do any of the primary caregivers smoke inside or outside of the home?" These changes were made to appropriately identify caregivers who were smokers but did not consider their child exposed to second-hand smoke (because they did not smoke in the home). Additionally, we accommodated for the presence and identification of multiple caregivers who smoked and assessed whether they were "everyday" or "someday" smokers (see Figure 2 ). In total, the screening prompt underwent five iterations. The RNs also requested that we account for the presence of other smokers in the child's home who were not the caregivers. Thus, the screening prompt included questions to identify other smokers in the home who were not caregivers. Finally, the screening prompt was set to account for caregivers who smoked but were not present at the visit. All these screeners were used so that appropriate materials could be given.
Content of the Best Practice Advisory
The RNs were asked how they would like to be led into the "Advise" step. Registered nurses were in favor of a BPA, an interruptive, pop-up alert that would display once they completed the screening prompt. This alert appeared in yellow at the top of the patient's EHR. Initially, this prompt read: "Smoking cessation education is advised. Please provide smoking cessation education to the caregiver." The RNs requested that we change this so that a question was posed to the RNs with options to provide the counseling now or later, with a reminder order placed for the RN. Thus, the prompt was changed to: "Would you like to provide smoking cessation counseling now? Or would you like to place an order to be reminded later?"
The RNs requested that the BPA contain multiple opt-out reasons that they could select so that they did not have to complete counseling (see Figure 3 ). For those RNs who felt that they might be too busy to complete the counseling steps right after screening was done, we created an option for them to select a checkbox that allowed for the population of a reminder order for "Smoking Cessation Education." When this option was selected, the RN had to sign off on the order, and then Total number of clicks to use CDSS (scale: 1, too many, to 3, too few) they could complete the counseling at a later time. This order would lead them to the same "ADVISE," "ASSESS," and "ASSIST" prompts that the RNs completed if they opted to counsel right away.
Link Outside the EHR The advisory panel and focus groups felt strongly that the counseling prompts should not be present in the child's EHR. Thus, we placed a link that would lead the RNs to REDCap, the external, online research database to access the counseling prompts. [37] [38] [39] This link launched REDCap from an integrated EHR link through either the BPA reminder or within the reminder order. A text-based link was also provided to the RNs to trigger the cessation education prompts.
Cessation Education Prompts
Within REDCap, we included the "ADVISE," "ASSESS," and "ASSIST" prompts. For ADVISE, RNs were prompted to advise all caregivers to quit smoking for the health of their children; however, if a child came in for a TSE-related illness (eg, cough, cold, wheezing), RNs were also prompted to advise the caregiver that if they quit, it may decrease the number of times that their child came in for these types of illnesses. The RN was then taken to the "ASSESS" step ( Figure 4) , which included branching logic. If a caregiver was not interested in quitting in 30 days, the RN was prompted to convey understanding that the caregiver was not interested in quitting and to offer an information packet. For those caregivers who were interested in quitting, the RN was presented with the "ASSIST" prompt to give caregivers the option to connect to the Tobacco Quitline, smokefree. gov, or SmokefreeTXT. [43] [44] [45] Feedback Reports On the basis of the work of Bentz et al, 34 we created FRs that were to be given at the beginning of each month. The FRs contained current and historical data to show the individual RN and overall RN compliance with the "Ask," "Advise," "Assess," and "Assist" steps. Each RN's FR included a comparison of individual performance to the overall performance average of all of the study RNs. 34, 46 The RNs were assured that only the study team would have access to the FRs, and each RN would have access only to their own report. Our goal was to provide three monthly FRs to each RN via their personal e-mail; FRs would not be used to judge clinical performance. Using focus group procedures employed in our previous research, 47 we showed RNs hardcopy mock-ups of the FRs and solicited their feedback for use in refining the content and format. The RNs were given mock-ups on paper of the FRs, on which they were asked to assess and give us feedback. 48, 49 The RNs said that they preferred bar graphs of each of the CDSS steps, and they agreed with placing their performance next to all of the study RNs' performance. Figure 5 illustrates 3-month FR mock-ups.
Usability Testing
We assessed the usability of the CDSS and FRs with 10 RNs. As shown in Table 1 , RNs reported that the CDSS was easy to use (mean, 4.1) and would be very useful in helping to address smoking with caregivers (mean, 4.5). The RNs reported that using the CDSS would easily fit into their workflow (mean, 3.9) and that they would be likely to use it daily (mean, 4.2). Finally, the user testers found the FRs useful (mean, 4.4). Comments from the RNs included the following: "…this seems very user friendly"; "…this seems pretty quick and simple"; "Can we have a prompt that will allow us to provide information for those children whose parents smoke but they aren't present at the visit?"; and "Can we provide information for other family members or others who take care of the child even if the parent doesn't smoke?"
Screening Pilot
Finally, we conducted a pilot phase for 2 months during which only the screening portion of the CDSS was tested in the EHR. While we were recruiting and training RNs for the phase 2 pilot study, we rolled out the screening prompt in the live Epic environment. Once live, the screening prompt was available for use by all RNs (not just study participants who were trained). The additional prompts and counseling packets were not available.
We evaluated the frequency of the use of the screening prompt by RNs who were enrolled in the study between September 1, 2015, and October 31, 2015 (N = 38), as well as among RNs who were not enrolled in the study (N = 16). Study RNs used the screening prompt during 4572 of 9509 (48%) of the total visits and identified 984 (21.5%) one of more primary caregivers who smoked. The prompt was used during 246 (11%) of the 2235 total visits by nonstudy RNs, who identified 33 (13.4%) one or more primary caregivers who smoked.
We asked study RNs if they experienced any issues or problems while using the screening prompts. Common themes identified by the RNs included their desire to access and use the counseling portions of the CDSS, use of the screening prompt as an opportunity to discuss secondhand smoke exposure, identification of both cigarette smoking and marijuana use, and appreciation for the CDSS as a new tool to help them address tobacco use.
Discussion
We followed best-practice informatics recommendations during the development of a CDSS to assist RNs in the UC setting to screen caregivers for tobacco use and counsel them to stop smoking. 18, 19 The goal was to improve the health of both the caregiver and child. We adapted the CPGs and the AAP recommendations for tobacco screening and counseling. 32, 36 These recommendations encourage practitioners to perform the five As: "Ask" about tobacco use, "Advise" tobacco users to quit, "Assess" readiness to quit, "Assist" in quit attempts, and "Arrange" for follow-up. 32 The AAP endorses the 5 As approach and also recommends that practitioners provide information to caregivers on the effects of TSE on their child's health. Our goal was to create and provide work flow integrated prompts within the CDSS that would facilitate screening, counseling, and arrangement of follow-up that would be easily integrated into the RNs' workflow. Since this was a CDSS geared towards RNs, we sought to create prompts that would guide RNs to encourage caregivers to quit smoking to improve their child's health in clear, nonthreatening language and to facilitate referral of caregivers to outside resources. We did not design the CDSS to guide RNs in recommending specific pharmacotherapy since they would not be the prescribing practitioner. Our work is similar to that of a prior study that modified the pediatric primary care EHR to include prompts to facilitate counseling and referral to the Quitline for caregivers who smoke. 50 In this study, when a smoker was identified using their existing screening prompt, a new question was added to "Assess" interest and timeline in quitting and then based on the response, an educational handout and/or a Quitline referral was facilitated. Our results are also similar to those contained in a Cochrane review that evaluated the use of EHRs to support smoking cessation. This review showed that documentation and referral to tobacco cessation counseling increased when an EHR was in place. 51 We employed a multiphase development process that included development of the prototype, iterative refinement with an expert panel, small focus groups, focused interviews to further refine the CDSS with RNs, and iterative usability testing with RNs. The data obtained before we started developing the CDSS demonstrated that RNs did not screen caregivers for tobacco use in a routine fashion and did not feel comfortable screening and providing cessation advice. Therefore, our screening pilot data are particularly promising. It showed that the RNs screened caregivers during almost 50% of the visits even though the complete CDSS had not yet been implemented. Our next steps will be to pilot test the full CDSS in the UC setting. These results will be described in a separate article.
